The theoretical bases of mathematical modeling of nonisothermal adsorbtion and desorbtion in nanoporous catalytic zeolite media for the Langmuir's nonlinear isotherm are given. They most fully determine the mechanism of adsorption equilibrium for nanoporous systems of ZSM-5 zeolite. The effective scheme of linearization of a nonlinear model is implemented. High-speed analytical solutions of the system of linearized boundary problems of adsorption and desorption in nanoporous media are justified and obtained using the Hevisides operational method.
INTRODUCTION
The main anthropogenic sources of atmospheric pollutants are the processes by which energy is generated for transport and industry. It has been demonstrated that the transport sector is the emission source that contributes the most to global warming at present, and it will probably remain so in the immediate future [1] . The quality of mathematical models of processes of adsorption and desorption of hydrocarbons in nanoporous catalytic media determines the effectiveness of technological solutions for neutralizing and reducing exhaust emissions which is rapidly increasing, contributing to global warming [2, 3] .
At present, many experimental and theoretical studies of such processes are carried out, especially studies on the improvement of their mathematical models, taking into account the influence of various factors that limit the internal kinetics of adsorption and desorption in nanopores of catalytic media [3] [4] [5] [6] [7] . For the first time, it has been possible to specify all the processes along the columns during nonisothermal adsorption and desorption. The proposed work outlines the theoretical foundations for modeling nonisothermal adsorption and desorption in nanoporous catalysts for a nonlinear isotherm obtained by the Nobel laureate E.Langmuir, which most fully determines the mechanism of adsorption equilibrium for nanopore systems of the zeolite. For the modeling we have used the Heaviside operational method and the Laplace transform, but the development of calculations is quite original. This methodology allows you to get highspeed analytical solutions that improve the quality of computational paralleling and the simulation of real process.
MATHEMATICAL MODEL OF NONISOTHERMAL ADSORPTION AND DESORPTION IN A MICROPOROUS MEDIUM
The general hypothesis adopted in the model development is that the adsorption interaction between adsorption molecules and active adsorption centers on the phase separation surface in crystallites nonporous is determined on the basis of the nonlinear adsorption equilibrium Langmuir function with allowance of the following physical assumptions [5-7]:
1. Adsorption is localized and is caused by forces close to chemical forces: dispersion forces, the interaction of which is established by Lenard and the electrostatic forces of attraction and repulsion, the mechanism of which is described by Van-Der-Waals [6] .
2. Adsorption takes place in active centers on the adsorbent surface e distributed throughout the internal surface of the micro-and nanopores.
3. Each active center adsorbs only one molecule of adsorbate and its molecular layer of adsorbate is formed on the surface.
4. Adsorbed molecules are retained by active centers during a certain time, depending on the temperature.
Proceeding from this, the function of adsorption equilibrium (adsorption isotherm) of the Langmuir type describing the phase adoptive transition from the medium of the propagating gas stream to the nanopores of the adsorbent layer and she will be determined by a nonlinear relationship establishing the relation between the equilibrium concentration eq с and the adsorption value a (concentration of adsorbate in nanoopores of the adsorbent) [6, 7] 
Here H  -energy of activation, kJ/mole; R-gaze constant, kJ.mole/(m3.K);
coefficients that depend on the properties of the microporous adsorbent and the diffused substance: full a -the concentration (amount) of adsorbate in the micropores of the zeolite with complete filling of the adsorption centers, mol/g, 0 b -is the coefficient equal to the ratio of the rate constants of desorption and adsorption.
The activation energy, having a physical meaning in this problem as the heat of adsorption, is defined as:
where s g U U  is the difference between the kinetic energies of the adsorbat molecule in the gaseous and adsorbed states depending therefore on the nature of the adsorbed phase,  -is the value of the Lennard-Jones potential averaged over the pore volume of the adsorbent [8] , which is a characteristic of the zeolite.
In addition, since,
  , where s g i i , is the number of degrees of freedom of adsorbate molecules in the corresponding phase. Then, using the principle of the uniform distribution of energy in degrees of freedom, we have
Taking into account (2), the activation energy of the zeolite will be determined
The Lennard-Jones potential is defined as [8] : Expressing from (1) the equilibrium concentration function eq с with respect to the adsorption concentration a at the interface, we obtain:
The refined kinetics of non-isothermal adsorption and desorption in nanoporous zeolites, taking into account the nonlinear function of adsorption equilibrium and the given physical justifications, is described by the following system of nonlinear partial differential equations [6] :
Proc. of SPIE Vol. 11369 113691L-2
Initial conditions: a) adsorption: b) desorption:
Boundary conditions: a) adsorption: b) desorption:
The meaning of the terms is given in the Nomenclature.
We use the same symbol 0 0 c for the adsorption and desorption because the methodology of calculation is the same for both. First of all we obtain the analytical solution of the eq. (6)-(13), assuming conditions
At the end we generalize this solution to the conditions
THE SCHEME OF NONLINEAR MODEL LINEARIZATION AND CONSTRUCTION OF A LINEARIZED PROBLEMS SYSTEM SOLUTION
We perform some expansions in the series of elements of the nonlinear component of the differential equation (8 
the expression (2) is represented by the series of Maclaurin, neglecting members of less than the second order [9] : T T T T    ) [5] .
Substituting the expanded expression (9) instead of the dependence () eq c a in the third equation of system (6)- (8), we
SCHEME OF LINEARIZATION OF A NONLINEAR MODEL AND CONSTRUCTION OF A SOLUTION OF A LINEARIZED SYSTEM OF PROBLEMS
Linearized system of problems with small parameter. Problem (6)-(13), taking into account the approximated kinetic equation of phase transformation (16) containing a small parameter  , is a mixed boundary problem for a nonlinear system of second-order partial differential equations. The solution of problem (6) -(13) will be sought with the help of asymptotic expansions in the small parameter  in the form of the following power series [10, 11] :
In the result of substituting the asymptotic sum (17) into equation (6), considering (10), the initial nonlinear boundary value problem (6)-(13) is parallelized into two types of linearized boundary value problems [9] :
The problem 0 A (zero approximation with initial and boundary conditions of the initial problem): to find a solution in the domain
   of a system of partial differential equations :
Boundary conditions: a) adsorption: b) desorption: 

    Using the developed theory, the modeling and calculation of the concentration dependences of non-isothermal adsorption and desorption curves in nanoporous catalytic beds was carried out. The calculations were performed for an experimentally nanoporous sample [8] . The physical parameters of the zeolite are known from the literature [5] [6] [7] . Fig.2 it can be seen that the error, adopted in the subsequent calculations 5 10    is achieved by the approximation 50  n s. Fig. 3 shows the results of calculating the adsorption isotherms for propane at different temperatures: С 100 ; С 75 ; С 50 ; С 30 0 0 0 0 (using eq. (50), (59)). Fig. 3 it can be seen that for each the temperature values the adsorption isotherms are located lower with increasing temperature. In addition, with increasing propane pressure, each of the isotherms goes to saturation (equilibrium). 
